Challenging differential diagnosis Background:
Background
Diagnostic errors in medicine are on the rise and the incidence of post-mortem findings of undiagnosed malignancy at autopsy have been reported as high as 11% [1] . B cell lymphoma constitutes 80-85% of cases of Non Hodgkin's lymphoma (NHL) in the Untied States, most of which are diffuse large B cell lymphomas (DLBCL, 32%), and is the seventh leading cancer in both male and female patients [2] . Patients with B cell lymphoma commonly present with nodal disease, and additional symptoms may include fever, night sweats, and weight loss.
This disease has widespread manifestations resulting in systemic signs, focal signs, and metabolic complications that may arise from the disease itself or through its organ involvement. Major uncommon complications include renal infiltration (34% post-mortem) [3] , glomerulonephritis [4] , membranous nephropathy [4] , cryoglobulinemia [5] , and renal failure; adrenal abnormalities, whether primary [6] or metastatic disease [7] ; calcium disorders in human T-lymphotropic virus type I-associated lymphomas [8] ; and metabolic acidosis without renal disease with/without liver involvement with/without hypoglycemia. The unusual manifestations themselves can be an ominous sign, altering the course of the disease and its management, which highlights the need for familiarity with the uncommon manifestations of common diseases in order to reach the correct diagnosis earlier and ultimately improve treatment outcomes.
We present a case of a newly diagnosed DLBCL initially presenting as hypoglycemia not correctable by dextrose infusion that instead resulted in increased anion gap metabolic acidosis with elevated lactate, leading to a final diagnosis of NHL lymphoma manifesting as infiltrative abdominal masses. A literature review of similar cases is also presented.
Case Report
An 81-year-old man with worsening generalized weakness presented to the emergency room after experiencing a fall. Past medical history was significant for atrial fibrillation, coronary artery disease, ischemic cardiomyopathy, congestive heart failure, hypertension, myelodysplastic syndrome, and senile dementia. Review of symptoms was positive for multiple falls and negative for fever and weight loss. He quit smoking at the age of 50 years.
Home medications included galantamine, quetiapine, citalopram, finasteride, aspirin, metoprolol, lisinopril, simvastatin, omeprazole, and sublingual nitroglycerin as needed. On admission, the patient's vital signs were pulse 109 beats per minute, blood pressure 118/81 mmHg, and temperature 97.8 During the first night, the patient was agitated and found to have a blood glucose level of 37 mg/dL. Intravenous D10W bolus was given followed by D5NS maintenance. The next day, D5NS was stopped and shortly thereafter the patient was again hypoglycemic (blood glucose 60-70 mg/dL), at which time D5NS was resumed. Blood glucose remained in the hypoglycemic range while the patient was off of D5NS. Further labs were ordered and revealed insulin level 0.6 µU/mL (reference: 6-27 µU/mL), C-peptide 1.0 ng/mL (reference 1.1-4.4 ng/mL), cortisol 17 µg/dL (reference: 3.1-22.4 µg/dL), adrenocorticotropic hormone 5.6 pmol/L (reference: 0-10.0 pmol/L), and IGF-I <25 ng/mL (reference: 55-166 ng/mL). On the third day, the patient was kept on intravenous D5NS and blood glucose ranged from 70 mg/dL to 75 mg/dL. The underlying cause of the protracted hypoglycemia remained unresolved. Blood cultures remained negative and kidney function was normalized after IV hydration. CT abdomen showed a mass-like infiltration of the left renal pelvis and retroperitoneal structures suspicious for malignancy. On day 5, CT-guided biopsy indicated non-Hodgkin lymphoma, diffuse large B cell type that was confirmed with flow cytometry. Because chemotherapy was declined by the patient and his family, systemic corticosteroids were initiated on day 6 as part of lymphoma palliative management, with the hope it would help to mitigate the hypoglycemic state. By day 9, blood glucose levels were normalized off D5NS with homeostasis achieved (140 mg/dL), and lactatemia also improved (8.6 mmol/L). Three days after discharge to hospice care, the patient expired.
Discussion
After facing the uncommon presentation described in this case, the literature was reviewed to identify similar cases of lymphoma initially presenting as hypoglycemia and lactic acidosis. PubMed search was performed with the following MESH terms: "lactic acidosis" and "lymphoma." Articles were discarded if they were not written in English, if a diagnosis of lymphoma had been determined prior to detecting the aberrant lab values, or if both hypoglycemia and lactic acidosis were not present prior to a diagnosis of lymphoma. Figure 1 summarizes the flowchart of the literature review. A total of 13 cases met the aforementioned search criteria and are summarized in Table 1 [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Because hypoglycemia was the driving sign in this patient, blood work was performed to exclude other causes such as insulinoma (normal insulin and peptide C levels), liver failure (normal international normalized ratio and bilirubin level), and adrenal insufficiency (normal blood pressure, cortisol, calcium, adrenocorticotropic hormone, and sodium with the exception of mild hyperkalemia most likely related to prerenal azotemia that was correctable with hydration). Moreover, many of this case's features (i.e., presence of an elevated anion gap, absence of pancreatic mass on imaging, persistent hypoglycemia rather than delayed postprandial hypoglycemia, advanced patient age, and male sex) reduced the likelihood of an insulinoma. The unexplained hypoglycemia, poor response to D10W infusion, and inability to maintain homeostasis are represented in Figure 2 , which also shows a worsening lactatemia and increased anion gap following infusion of dextrose. Furthermore, neither the hypoglycemia nor the lactatemia could be explained by the patient's home medications. Normal bicarbonate levels upon presentation indicated that a new event was occurring during the hospitalization. Therefore, other possible causes, e.g., hypotension (blood pressure 118/81 mm Hg), hypoxemia (SpO2 94%), sepsis (afebrile with negative blood cultures), and tissue hypoperfusion (CT abdomen excluding mesenteric ischemia but identifying multiple large necrotic masses), were excluded.
Hypoglycemia and lactic acidosis have previously been reported in malignancies, with lactic acidosis being a rare complication [22] . While hypoglycemia can result from nonislet cell tumor hypoglycemia (NICTH), an uncommon but serious complication of malignancy [23] , lactic acidosis could result from several other mechanisms. NICTH is mainly seen in solid [24] , bulky tumors [25] consisting of the production of autoantibodies against insulin or insulin receptor. It also causes secretion of incompletely processed IGF-II and subsequently decreased IGF-I levels resulting in stimulation of the insulin receptors and increased glucose utilization noticed mainly in solid tumors, paraneoplastic manifestations, and lymphomas with extensive tumor burden. In the face of hypoinsulinemic hypoglycemia with low levels of IGF-I reflecting growth hormone suppression, we can safely conclude that our patient experienced hypoglycemia due to the large lymphoma burden in the abdomen, especially given its responsiveness to steroid treatment that is traditionally recommended in cases of NICTH when chemotherapy is not feasible [26] , resulting in a steady blood glucose level (Figure 2 ).
Further review of the literature of severe lactic acidosis with B-cell lymphoma without mention of hypoglycemia demonstrated that the true incidence of lymphoma-induced lactic acidosis remains uncertain because most of the published cases met systemic inflammatory response syndrome criteria [27] . In our case, the patient was tachycardic and leukopenic (possibly due to myelodysplastic syndrome) but afebrile with negative blood cultures and without any identified source of infection, ruling out sepsis as the cause of lactic acidosis, which was also absent at initial presentation. A closer look at lactic acidosis in malignancies including lymphomas revealed other possible sources including anaerobic metabolism due to dense clusters of tumor cells [17] , consistent with our patient's large bulky tumor masses in the abdomen leading to anaerobic metabolism.
The next challenge is to explain hypoglycemia and lactic acidosis as a single entity, as occurred in this case. The likely explanation is the Warburg effect, an intracellular physiologic process. It has been established that because cancer cells have higher rates of replication, and thus glycolysis, they cannot rely on normal oxidative phosphorylation that is the main source of energy in normal cells. Therefore, they shift to a glycolytic pathway at a higher rate (>200-fold) in aerobic conditions, resulting in lactic acid fermentation in the cytoplasm [28, 29] . Another aberrantly expressed protein in highly dividing cells is AG -anion gap, BG -blood glucose, BM -bone marrow, bx -biopsy, chemo -chemotherapy, COPD -chronic obstructive pulmonary disease, CT -computed tomography, CXR -chest radiograph, D/C -discharge, DLBCL -diffuse large B-cell lymphoma, DM -diabetes mellitus, EBV -Epstein-Barr virus, F -female, FOBT -fecal occult blood test, GCS -Glasgow coma scale, HA -headache, HIV -human immunodeficiency virus, h/o -history of, HR -heart rate (beats/minute), HSM -hepatosplenomegaly, HTN -hypertension, ICUintensive care unit, lb -pound, LN -lymph node, LOS -length of stay, M -male, MOF -multi-organ failure, MRI -magnetic resonance imaging, N/A -not applicable, NHL -non-Hodgkin lymphoma, NK -natural killer cell, NR -not reported, N/V/D -nausea/vomiting/ diarrhea, PMH -past medical history, RR -respiratory rate (breaths/minute), s/p -status-post, U/S -ultrasound, VRE -vancomycinresistant enterococci. the pyruvate kinase inhibitor M2-PK that enables cancer cells to consume glucose at an accelerated rate, forcing the cells to switch to pyruvate kinase's splice variant, which is important for cancer metabolism and tumor growth and results in elevated lactate levels [30] . Additionally, p53 can promote glycolysis through activation of hexokinase II [31] .
Additionally, lactic acidosis can occur with or without liver dysfunction [17, 32, 33] . A review of the literature demonstrates that NHL-induced lactic acidosis is associated with a mortality rate of 73% at 1 month and 92% overall; 90% of these cases had liver involvement [16] . Thus, lactic acidosis is a rare threatening sign when associated with lymphoid malignancies. Based on previous reports [12, 14] , one may conclude that only chemotherapy helps with treating the acidosis, which does not necessarily affect the outcome. Moreover, the strikingly high mortality associated with lactic acidosis has prompted some oncologists to consider this an oncologic emergency [34] . It is important to note that none of the patients in Table 1 were treated with bicarbonate, in contrast with what had been reviewed by Sillos and colleagues [17] , since bicarbonate may increase lactic acid production [35] and is reserved only for control of acidosis along with dialysis awaiting chemotherapy.
In our patient, even though lactatemia and hypoglycemia started to correct after steroid treatment, poor prognostic markers based on the international prognostic index (IPI) and the patient's disposition precluded any further treatment. The patient died three days after discharge to hospice care.
Conclusions
This case illustrates how lymphomas can present unusually with hypoglycemia and lactic acidosis, the latter being an ominous sign that can occur without liver involvement. In this regard, presenting signs and symptoms of disease deserve special attention, in conjunction with clinical examination, to facilitate prompter accurate diagnosis and management of lymphoma, not only as an oncologic entity but also as a metabolic disorder.
